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NOTCH2, are expressed in the inner ear. Interestingly, PCDH15 and
USH2A are associated with multiple subtypes of Usher syndrome, the
most common form of deaf-blindness in the United States and are
necessary structurally and functionally for development of the inner
ear and eye. Similarly, Notch signaling is necessary for normal
development of sensory organs in the inner ear. Consistent with our
bioinformatics analysis, we determined through gel shift analyses that
the sequences identified within genes encoding PCDH15, USH2A and
NOTCH2, are directly bound by GBX2. In addition, we show through
RT-PCR analysis that all three genes are co-expressed with Gbx2 in
cochlear and vestibular tissue during inner ear development. Together,
these results suggest that an important function of GBX2 in inner ear
development is transcriptional regulation of Pcdh15 and Ush2a
activities.
doi:10.1016/j.ydbio.2011.05.516
Program/Abstract # 552
FOG-2 mediated recruitment of the NuRD complex regulates
cardiocyte proliferation during heart development
Audrey Jerdea, Zhiguang Gaob, Eric Svenssona
aUniversity of Chicago, Chicago, IL, USA
bChicago, IL, USA
FOG-2 is a multi-zinc finger protein that binds GATA4 and
modulates GATA4-mediated transcriptional control of target genes
during heart development. Our previous work has demonstrated that
the Nucleosome Remodeling and Deacetylase (NuRD) complex
physically interacts with FOG-2 and is necessary for FOG-2 mediated
repression of GATA4 activity in vitro. In this report, we describe the
generation and characterization of mice homozygous for a mutation
that disrupts FOG-2/NuRD complex interaction (FOG-2R3K5A). These
mice exhibit a perinatal lethality and have multiple cardiac
malformations, including a ventricular septal defect and a thin
ventricular myocardium. To characterize the hearts of these mice
further, we measured the rate of cardiocyte apoptosis and prolifera-
tion in wild-type and FOG-2R3K5A mice. We found no significant
difference in the rate of cardiocyte apoptosis between wild-type and
FOG-2R3K5A mice. However, cardiocyte proliferation was reduced by
34.1% in FOG-2R3K5A mice. Interestingly, we found by gene
expression analysis that the cell cycle inhibitor p21 is up-regulated
1.7-fold in FOG-2R3K5A hearts. Further, we demonstrate that FOG-2
can directly repress the activity of the p21 gene promoter using an in
vitro transient transfection assay. In addition, chromatin immuno-
precipitation (ChIP) reveals that the MTA2 subunit of the NuRD
complex is bound to the p21 promoter in embryonic day 14.5 hearts.
Taken together, our results suggest the FOG-2/NuRD interaction is
required for cardiocyte proliferation by specifically down-regulating
the cell cycle inhibitor p21 during heart development.
doi:10.1016/j.ydbio.2011.05.517
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BMP2 is a morphogen that controls cell differentiation and
behavior. For example, BMP2 concentration controls the differentia-
tion of mesenchymal precursors into myocytes, adipocytes, chon-
drocytes, and osteoblasts. The regulatory mechanisms by which
essential morphogens are kept off in certain tissues are as important
as those that induce them. Sequences within the 3′untranslated
region (UTR) of the BMP2 mRNA mediate a post-transcriptional block
of protein synthesis in some cells. Interaction of cell and develop-
mental stage-specific trans-regulatory factors with the 3′UTR is a
nimble and versatile mechanism for modulating this potent morpho-
gen in different cell types. A sequence in the 3′UTR, which has been
conserved between mammals and fishes, functions independently of
promoter, coding region, and 3′UTR context in primary and
immortalized tissue culture cells. These findings indicate that the
ultra-conserved sequence is an autonomously functioning post-
transcriptional element that may be used to modulate the level of
BMP2 and other proteins while retaining tissue specific regulatory
elements. Cre-lox mediated deletion of the ultra-conserved sequence
or premature polyadenylation abrogated reporter gene repression in
the lung, aorta, and coronary vasculature and confirmed the
importance of the 3′UTR in controlling BMP2. We also will present
data regarding protein (nucleolin) and microRNA (34b, 34c, 486, 633)
repressors of BMP2 expression. 3′UTR-mediated mechanisms that
restrain BMP2 synthesis are relevant to congenital heart and
vasculature malformations and to adult diseases involving aberrant
BMP2 synthesis.
doi:10.1016/j.ydbio.2011.05.518
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The current working hypothesis is that activin/nodal signaling is
mediated primarily by FoxH1 transcription factor, which interacts
with Smad2/4 to activate the transcription of target genes. To provide
a comprehensive understanding of the activin/nodal signaling
mechanism, high-throughput sequencing approaches were employed
and the roles of FoxH1.1 (maternal) and FoxH1.2 (zygotic) examined
in Xenopus tropicalis. We find that FoxH1.1 and FoxH1.2 control the
expression of many, but not all genes regulated by activin/nodal
signaling, and suggest that FoxH1.1 functions as both an activator and
a repressor to regulate gene expression. Interestingly, the expression
of both FoxH1.1 and FoxH1.2 is subjected to a negative feedback loop
regulation by FoxH1 protein itself. We examined the effect of FoxH1.2
on the transcriptional activation of target genes among different
individual embryos and detected significant fluctuations of the target
gene expression among FoxH1.2 morpholino depleted individuals.
However, the similar fluctuation was not detected among undis-
turbed embryos. We will discuss the model by which negative
feedback loops control the fluctuation and noise of gene expression to
regulate cellular responses.
doi:10.1016/j.ydbio.2011.05.519
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Hedgehog (Hh) signaling controls gene transcription through the
Gli family of transcription factors, including Drosophila Ci. In the
absence of Hh, Ci acts as a transcriptional repressor, but upon
signaling activation, Ci becomes a transcriptional activator. Two Hh
target genes, patched (ptc) and decapentaplegic (dpp) contain
enhancers with Ci binding sites. The ptc enhancer has three high-
affinity Ci sites, whereas the dpp enhancer has only low-affinity sites.
In the developing wing, ptc is expressed in a narrow stripe of cells
that receive the highest levels of Hh, while dpp is expressed in a
broader stripe in a region of moderate signaling. We found that dpp
requires low-affinity sites for optimal activation by Hh, as replacing
the low-affinity binding sites of dpp with high-affinity sites from ptc
caused repression of dpp in cells that receive moderate signaling.
Because higher binding affinity correlates with increased Ci occu-
pancy of these enhancers, our results are consistent with the idea that
Ci may act more cooperatively as a repressor than as an activator in
cells that have both forms of this transcription factor. To test this
hypothesis, we quantified the expression of synthetic enhancers with
three high-affinity sites versus one high-affinity site. Our data
showed that having a single high-affinity site abolishes the
transcriptional repression observed in enhancers with multiple
high-affinity sites. These results are consistent with the cooperative
repression model, thus we propose a novel transcriptional mechan-
ism to interpret the Hh signaling gradient.
doi:10.1016/j.ydbio.2011.05.520
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A central goal of evolutionary developmental biology is to
elucidate the gradual progression of mutational steps by which
development, and thereby traits evolve. Empirical and theoretical
studies implicate mutations in cis-regulatory element (CRE) se-
quences, which control gene expression, as a prominent route by
which development evolves. However, few studies have determined
both the mutational (the identity of the evolutionarily relevant
mutations) and molecular (biochemical property altered) basis of
CRE evolution. Hence, this type of evolutionary path remains poorly
understood. One excellent model trait to study CRE evolution is the
diverse abdominal pigmentation patterns exhibited by species of the
Drosophilinae subfamily. These patterns have evolved by modifica-
tions to a well-characterized gene regulatory network. Male-specific
sexually dimorphic pigmentation of Drosophila melanogaster is a
particularly tractable trait controlled by the Bric-à-brac (Bab)
transcription factor proteins. Previously, we identified a CRE control-
ling sexually dimorphic Bab expression, and elucidated how it
functions and evolved in one lineage. Here we show that alterations
in this CRE contribute to pigmentation variation within a species and
furthermore differences in orthologous dimorphic elements similarly
correlates to pigmentation differences between closely-related
species. Using ancestral reconstruction methods, we determined the
sequence and gene regulatory activity of the dimorphic element
possessed by various ancestors at key phylogenetic nodes. Moreover,
here we present data that has begun to trace the mutational and
molecular mechanistic path by which descendant CREs with distinct
activities evolved.
doi:10.1016/j.ydbio.2011.05.521
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Through the process of X-Chromosome Inactivation (XCI), somatic
cells of mammalian females inactivate one of their two X-Chromo-
somes in order to balance X-linked gene dosage with their male
counterparts. During mouse embryogenesis, two forms of XCI are
observed, imprinted and random. Imprinted XCI inactivates the
paternally inherited X-Chromosome (Xp) and occurs in the extra-
embryonic lineages. Random XCI occurs in the embryonic lineages
where either the Xp or the maternally inherited X-Chromosome
(Xm) can be inactivated. The process of XCI is dependent upon the
long non-coding RNA Xist, which is expressed from and coats the
inactivated X-Chromosome (Xi) in cis. Consequently, females harbor-
ing a paternally derived Xist mutation (Xist+/−) die due to failure of
imprinted XCI and poor trophoblast development. Here, we investi-
gate the consequence of two active X-Chromosomes in the extra-
embryonic ectoderm (ExE) of Xist+/− female embryos. At
embryonic day 6.5, we find that the Xist+/− ExE no longer
proliferates and lacks the transcriptional regulator Cdx2, a factor
required to maintain the ExE in a progenitor state. Curiously,
we observe an Xi in a few cells of the ExE. When grown in culture,
Xist+/− embryo outgrowths retain Cdx2 and harbor an Xi in some
Cdx2+ cells. Trophectodermal stem cells derived from Xist+/−
embryos harbor an inactiveXm, consistentwith a reversal of imprinted
XCI. Taken together, our data suggests that poor trophectoderm
development in Xist+/− embryos is due to premature differentiation
of the trophoblast progenitors. Furthermore, the capability of Xist+/−
ExE cells to reverse imprinted XCI suggests that the ExE no longer
retains the initial imprint required for imprinted XCI.
doi:10.1016/j.ydbio.2011.05.522
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Zygote Arrest proteins, Zar1 and Zar2 (aka Zar1-like) have been
implicated in the oocyte to embryo transition, zygotic genome
activation, preimplantation development and epidermalization, and
disruption of these proteins causes zygotic arrest at the 1 or 2-cell
stage in mouse embryos. However, the mechanism of action of Zar
proteins is unknown, transcriptional regulation, chromatin remodel-
ing and RNA metabolism, have all been suggested. Early development
is regulated by maternal mRNAs that have specific combinations of
cis-elements in their 3′ untranslated regions (UTR) that determine
where, when and to what extent each mRNA is translated. The mRNA
of a key cell cycle regulator of embryogenesis, Wee1, is translated
during oocyte maturation. The Wee1 mRNA 3′ UTR contains a cis-
element called the Translation Control Sequence (TCS) that regulates
mRNA translation during meiotic maturation of Xenopus oocytes. The
protein that binds to the TCS is unknown. Here, we show that
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